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FOREWORD 

This report was prepared by the UniTerslty of Brussels, Belgium, under 
USAT Contract No. AF 6l(052)-225.    The contract was initiated under Project No. 
7330, •Refractory Inorganic Nonmetallic Materials,  ■ Task No.  73500, "Ceramic 
and Cermet Materials Development".    The work was administered under the di- 
rectorate  of advanced Systems Technology, Wright Air Development Division, 
with Mr. F. W. Vahldiek acting as project engineer. 

This report covers work conducted  from March  1939 through March 19fc0. 

The  authors wish to thank the Ccciite Beige de Spectrometrie de Masse 
(I.R.S.I.A.) which made available part  of the equipment used  in this report. 
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ABSTRACT 

The equilibria 82^^ 2S and CaS ^ Ca -f- S have been observed In 
the rapor phase abore CaS. 1>0(S2) - k*k £■   0.2 e.r., D0 (S0)s^.^ 0,2  e.v,, 
D0 (CaS)= 3.7 ±   0.2 e.V., and A Hg^CaS) = 5.9 i: 0.2 e.v. have been 
determined mass spectrometrically. 
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MASS  SPECTfiOMETHIC   STUDIES   LP THE   VAPORIZATION 
« 

OP SULPHIDES AND  TI:iS DISSOCIATION  ENERGY  UP  Sg. 

DISCUSSION 

The  dlaagreemcnt   between   second and   third 

law   values   of   the   dissociation  energy, of 

S„(D„(S0))   obtained  from  equilibrium measure- 2     0     c 
ments  nas   been   emphasized many  years   ago 

A relations': ip  was  also  pointed  out between  the 

heat  cf   combustion  of   SO,   DQ(02),   D®(SO)   and 

D   (S   ),   which   should  permit  one   to  choose  one   of 
o     2 

the   values  allowed by observed predissociBtlors 
(2) 

for  D°(S_)   and  D   (SO)-.   Recent measurements op o 
do  not  seem  to   settle   the  question       • 

In the vapour phase abr-ve (SaS we. huve ob- 

served  by  mass   spectrcmetry the  dlsaociatlcn 

S  ^23,«and  GeS^Ca -+• 3 and have   calculated 

t>^{2   )   m k'k^ 0.2   e.V.,   Dp(SO)   -   5.4  -0.2 o.v. 

D°(CaS)   » 3,7±Q.d  e.V.   and   ^il|§StCaS)   «5.9 ±0,2 e.v. 

Manuscript released fpr pt^liaatlon 25 MarcH I960  as   a 
WAPD Technical Report. 
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*    <t 

The mass spectrometrlc methcd has been des- 

cribed prevl usly'  *  . I'b© sample was heated In 

a molirbdenum Knudsen'cell ; provisicn^ were made 

to distinguish between residual gas molecules and 

those OJT the beam which pasies through a cooled 

collimation system ; ion Intensities were measured 

with an electron «ultiplier, Absolwte values of 

purtittl vapour pressures were obtained fron» 

P. - I.S/H,    ;   I. Is the measured current ocrres- 
1   I  i    i 

ponding to a species 1, T the absolute temperature 

of the Anuiaen cell, and S the senaibivity Tor 1- : 

(6) 3l '  (Mi/21|H)i/s:(3/Gi) Xl^^^t; M is Its 

noleeular rm«*, h tV:e ffftj constant, s the area 

of the effuaicn crifice and t the tine neee.saavy 

tw evaporate the weight 3 of species i • 

brl^htnesj tefnperaturos of a naalA &hx*ec>aed hole 

at the bottom of the Knudaen cell "have been ».easured 

with an optical pyrometer; emissivity and window 

ocrrectiltna vere made. 
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Dissociatlcn energies wer^, oalculuteä^f ronj: 

D0  =  - RTlnK +  TAttP| -   H^VTJ   (3d  law)   and   ; 

D°  =Rd"lnK/d(l/T)   (2d  law)   using free   energy fun- 
(8) 

Ctiona  taken £rom Stull  and  Sinke       ,   Of for Ca^, 

calculated by ooi^parlscn of oxides   and  sulphides, 

assuming   6)     =   390   cm     ,   r     -  2.3 k and  that   only 
I e e 

the    /ll-' ground   state   Is  imp&rtant. 

lonlzatlcn  cress  seotiens we3?e  taken rrcxa 

Otvoa  and»Stevenson vxui it was  assumed  thtt 

those  of* molecules   are  equal  to the   sum of  biiose  of 

the   eenstituenfe  atoms.   JhoTiass  effect and the 

ncleoular effect cf   the multiplier 
(10) 

Were   considered 

to  eempensate ©ach other, A pcssible errcp of 20 

in  the  temperature »easuremenc vouid letd  tc  an 

unoeytointy cf  12% in the second lev and c»f"l% 

Id the third luv. values  ;  Ins teed of the aseuap- 

feions made  above,   It nay be r^escntble   that the 

product of lonlz&ticn cress sect!en «m multiplier 

gain Is the sar-e for the  aton» «n! fcr tie * decuie (11) 
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in that case the 3d law D° values cf Table I are 

increased Dy'ahyut -f 3.5 kciiil. and Aü29B^Caa) 

diminished Uy the same amount, 
f a\      . 

The data of Table I and A H^(Ca)    = lj.2,2 koal. 

AH° o tl/2 3 ) « 15.4 kcal, the standard heat of 

formuticn AH° 0 „ (CaS'3 = 110.0*2 kcül^12^ permit 
syo r,- 

cne to calcul'Jte-AHpq«(Ca3) = 136 kcal. The value 

cbtulned frtm this cycle is sonsidered as tnovQ 

reliable fcfaan that given in tabl« I faee remark 

table IJ. 

L0(S i obbained horr-, ..eonblned with AH^(SO)  ^ 

for the reacticn 1/2 S    + 1/2 O^SO definitely 

rules out a Value DC(SC) smaller than- 5".2 e.v. 

Thcfe are peed speotrcsccric ai»|fMment^ fcr 

D0(3^) =5-356 e.v.   rather tban 5.027-e.v. **, 
c 
Our neasurementa »re net accurate encuprh to permit 

c ne t«? settle tjie questicn vhetber tJae predl- 

astciatticn et U.4I e.V. gives the exact dissooiation 

Cf 3    ,'eT   an ^PPer limit     ; a vain» DCs2) « I4..2 e.V. 
• '      (iM ucuiu agree with cuj? results    . Within the 

accuracy quoted in Paiale I, all avails ole data 

^Aflp'SR CO-^82 Pt II  * 4 



{ 3) on D(S ) and D(SO)    except apr.earance potential 
2      (17) measurements      and older equilibriuri measurements 

(of. 1,2,3,114.) 3Qem to be in agreement. 
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Table I.    Heats of Vaporization and Dissociation Energies of S2 and CsS 

TCK lojrpCs)* logp(S2 )/logp(Ga) logp(Ca • S/D°(S2) 
/   kcal 

D0(Ga3) 
0. 
kcal 

H|||(CaS; 
kcal 

1922 -5.96 -6.56 -6.15 '- 100 ' M _ 

1975 -5.14-6 -6.25 -5.79 - 96.5 - - 

2026 -5.34 -6.01 -5.514. - 98.0 - - 

204.8 -5.014. -5.82 -5.35 - 96.I4- - - 

2053 -5.03 .5.83 -5.32 -7.26 96.U 79.8 151.9 

2070 -c.l8 -5.88 -5.42 -7.03 98.8 81+.9 ■ 149.0 

2098 -I4..86 -5.63 -5.13 -6.99 97.3 80.7 151.5 

2114-3 -^.76 -5.1*8 -5.0 3   ,. -6.66 98.9 83.7 151.6 

21^ -4.60 -5.38 -4-90 -6.72 96.7 80.3 152.2 

21514 -4.71 -5.1^4. -4.9^ - 98.8 - _ 

2156 -a.614. -5.38 -1^.86 -6.71 96.8 80.1 152.9 
.190 -i.52 -5.28 -4.75 -6.55 98.3 81.5 153.6 

2^23 -4.27 -5.02 -4-58 -6.27 97.1+ 81.3 153.7 

2297 -3.96 -4.82 -4.24 

averap 

-5.99 

e 

96.8 80.3 155.6 

152.4ÄÄ 97.6 8l.ii 

sir pe method ice 95 129 

prODO; >ed  values 101 - 5 86 ± 5 136 - 10 

Daciaal logarithms of pressures  in atmospheres» 
' T - H 298 /T for this process in based on rery scanty data on 
cp (CaS)   (K. K. Kelley, U.S. Bureau of Mines Bulletin 476, 
Washington 0. C.  ,  1949) 
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